A study program on the development of mathematical model/s/ for microbial burden prediction.  Volume 9 - Report on the Mariner Mars 69-3 burden prediction  Final report addendum by Farabee, L. B.
JPL C o n t r a c t  952532 
Volume LX 
Repor t  On The 
Mariner  Mars 69-3 
Burden P r e d l c  t i o n  
(Tasks 4,  5 and 6 o f  Phase V E I L )  
P repared  by: 
Program Manager 
For  
J e t  P r o p u l s i o n  L a b o r a t o r y  
4800 Oak Grove Drive  
Pasadena,  C a l i f o r n i a  91103 
Approved : 
Chie f  
O p e r a t i o n s  h a l y s i s  
MePrtin a r k e  t t a  C o r p o r a t i o n  
P ,  0 ,  Box 179 
Denver, Colorado 80201 
https://ntrs.nasa.gov/search.jsp?R=19700019790 2020-03-12T02:01:17+00:00Z
FORE WORD 
T h i s  document d e s c r i b e s  t h e  work performed a s  Tasks 4, 5 ,  and 6 
o f  Phase V I L I  o f  JPL C o n t r a c t  952532. (This  i s  a follow-on t o  J P L  Con- 
t r a c t  952028.) Phase VIII accomplished improvements i n  t h e  p r e p a r a t i o n  
of  i n p u t  d a t a  f o r  t h e  computer programs g e n e r a t e d  i n  Phase 111. 
T h i s  document r e p o r t s  t h e  r e s u l t s  o f  u t i l i z i n g  t h e  newly developed 
hmprovements i n  p r e d i c t i n g  t h e  burden on t h e  Mariner  Mare 69-3. 
%is work was pzrfomed for the Jet Ropubi 
California Institute of Technology, 
National Aeronautics and Space A 
Contract NM7-100, 
if. 
CONTENTS 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Foreword 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Conten t s  
. . . . . . . . . . . . . . . . . . . . . . .  I l l u s t r a t i o n s  
. . . . . . . . . . . . . . . . . . . . .  I . I n t r o d u c t i o n  
. . . . . . . . . . . . . . . . . .  . 11 I n p u t  P r e p a r a t i o n  
. . . . . . . . . . . . . . . . . .  . III Burden P r e d i c t i o n  
A . MBPMOutput . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . .  B . Swab Sample R e s u l t s  
. . . . . . . . .  C. MBPM and Swab Sample Comparison 
. . . . . . . . . . .  . I V  Conclusions  and Recommendations 
. . . . . . . . . . . . . . . . . . . . . .  References  
Appendix . . . . . . . . . . . . . . . . . . . . . .  
iii 
ILLUSTRATIONS 
a 
1. Comparison o f  MBPM a n d  Swab Sample P r e d i c t i o n s  . . , . . 14 
T a b l e  
1. 
2 .  
3 .  
D a i l y  A c t i v i t y  R e p o r t  Page . . . . . . . . . . . . . . . 3 
ITP S t a n d a r d  Data Format  -- Card  1 . . . . . . . . . . . h 
ITP S t a n d a r d  Data Format -- Card  2 . . . . . . . . . . . 5 
ITP S t a n d a r d  Data Format  -- Card  3 . . . . . . . . . . . 6 
ITP S t a n d a r d  Data F o r m t  -- Sample Page . . . . . . . . 7 
MBPM End of Task  T y p i c a l  P r i n t o u t  . . . . . . . . . . . 10 
Subzone S u r f a c e  Burden T y p i c a l  P r i n t o u t  . . . . . . . . 11 
Summary o f  Swab Sample Data . . . . . . . . . . . . . . 1 3  
I.. INTRODUCTION 
During Phases I, 11, and  I11 of JPM C o n t r a c t  952028 t h e  requ i rements  
f o r  the  M i c r o b i a l  Burden P r e d i c t i o n  Model (MBPM) were e s t a b l i s h e d ,  and  t h e  
model was developed and programmed f o r  computer u t i l i z a t i o n .  During Phases  
I V ,  V, and V I ,  t h e  model was used t o  e s t i m a t e  t h e  burden on the Mariner  V 
S p a c e c r a f t .  Refe rences  1 through 5  d e s c r i b e  t h i s  work. 
A s  a r e s u l t  o f  t h e  above work, a  number of changes were i d e n t i f i e d  t h a t  
would improve t h e  e f f e c t i v e n e s s  o f  t h e  e x i s t i n g  computer programs. These 
changes were e f f e c t e d  d u r i n g  Phase V I I  o f  t h e  c a r r y - o n  c o n t r a c t  (JPL C o n t r a c t  
952532). As a r e s u l t  o f  t h e  e x p e r i e n c e  ga ined  d u r i n g  t h e  p r e p a r a t i o n  of t h e  
i n p u t  d a t a ,  t h e  d e s i r a b i l i t y  o f  a  more manageable method of  p r e p a r i n g  t h i s  
d a t a  f o r  i n p u t  t o  t h e  program was recognized.  
The I n p u t  T r a n s l a t o r  Program (ITP) h a s  been developed d u r i n g  Phase  V I I I  
o f  JPL C o n t r a c t  952532 t o  meet t h i s  l a t t e r  need.  The ITP performs much o f  
t h e  r e p e t i t i o u s  and  time-consuming work invo lved  i n  p r e p a r i n g  i n p u t  data. I n  
a d d i t i o n ,  i t  a l s o  performs bookkeeping c h o r e s  such  a s  m a i n t a i n i n g  t h e  c u r r e n t  
s t a t u s  o f  a l l  p a r t s .  The ITP has  been programmed s o  t h a t  on ly  minor r e v i -  
s i o n s  have been made t o  t h e  p r e v i o u s l y  developed p o r t i o n s  of t h e  program. I n  
most c a s e s ,  a n  e r r o r  o f  i n p u t  d a t a  t o  t h e  ITP i s  p r i n t e d  as a n  e r r o r ,  b u t  does 
n o t  s t o p  t h e  p r o d u c t i o n  of a n  i n p u t  t a p e  f o r  t h e  Tape A l t e r a t i o n  S u b r o u t i n e  
(TAS). The manual p r e p a r a t i o n  o f  i n p u t  d a t a  is  t h e r e f o r e  reduced t o  coding 
t h e  JPL q u a l i t y  Assurance D a i l y  A c t i v i t y  Report  l o g  i n f o r m t i o n  f o r  key punch- 
i n g ,  key punching t h i s  i n f o r m t i o n ,  and making c o r r e c t i o n s  t o  t h e  e r r o r s  
which are  f l a g g e d  by t h e  ETP, (Ref. 7 )  
Voiume V I I  of  t h i s  s e r i e s  o f  r e p o r t s  i s  a  U s e r ' s  h n u a i  which descrFbeu 
t h e  v a r i o u s  s u b r o u t i n e s  compris ing t h e  I n p u t  T r a n s l a t o r  Program, t h e  method 
o f  d a t a  i n p u t s ,  and t h e  p r o c e s s  o f  t r a n s f e r r i n g  t h e  o u t p u t  d a t a  t o  the  MBPM. 
The p r i n c i p a l  f a c t o r  i n  t h e  development o f  t h e  ITP t h a t  c o n t r i b u t e d  t o  
changes  i n  e x i s t i n g  programs was t h e  change from making p a r t s  i n p u t s  at: t h e  
Task l e v e l  t o  making t h e s e  i n p u t s  a t  t h e  Subtask l e v e l .  
A1 though t h e  changes a r e  minor i n  n a t u r e  and smal l  i n  number, t h e  e f f e c t  
i s  f e l t  on a  number o f  pages o f  t h e  U s e r ' s  Manual. The changes t o  t h e s e  
pages a r e  l i s t e d  i n  Volume V I I I  o f  t h i s  s e r i e s  o f  r e p o r t s .  
The ITP h a s  been used t o  p r e p a r e  i n p u t  d a t a  based on t h e  Mariner  Mars 
69-3 s p a c e c r a f t  f o r  u s e  on t h e  MBPM. Using t h i s  i n p u t  d a t a ,  the  MBPM has  
been r u n  on t h e  CDC 6400 a t  Mart in  M a r i e t t a ' s  Denver f a c i l i t y  and on t h e  
Univac 1108 a t  JPL i n  Pasadena.  
Th is  document i s  concerned wi th  t h e  p r e p a r a t i o n  o f  the  i n p u t  d a t a ,  t h e  
r e s u l t s  o f  t h e  burden p r e d i c t i o n  o f  the  MI4 69-3, and a comparison wi th  swab 
sample d a t a  t aken  d u r i n g  t h e  s p a c e c r a f t  p r e p a r a t i o n .  
II. INPUT PREPARATION 
During t h e  assembly,  t e s t i n g  and p r e p a r a t i o n  of a s p a c e c r a f t ,  a  d a i l y  
a c t i v i t y  r e p o r t  o f  a l l  a c t i v i t i e s  and t h e  t ime invo lved  i n  e a c h  a c t i v i t y  i s  
main ta ined .  The f i r s t  page o f  t h e  l o g  o f  MM 69-3 i s  shown i n  Tab le  1. 
UsFng t h i s  r e c o r d  a s  a  s o u r c e  o f  i n f o r m a t i o n ,  JPL prepared  d a t a  i n  t h e  
fo rmat  shown i n  Tab les  2 ,  3,  and 4.  The f i r s t  page of d a t a ,  p repared  a c c s r d -  
i n g  t o  t h i s  format ,  i s  shown on Table  5 and  i n c l u d e s  t h e  a c t i v i t y  shown on 
Table  1. 355 pages o f  d a t a  c o v e r i n g  t h e  252 days o f  a c t i v i t y  were p repared ,  
T h e  da t a  were then key punched o n t o  c a r d s  f o r  i n p u t  t o  t h e  ITP. 





I n  t h e o r y ,  t h e  m n u a l  involvement wi th  the d e t e  ends h e r e .  EZ t h e  
c a r d s  a r e  i n  t h e  p roper  sequence,  t h e  ITP w i l l  r u n  and produce a t ape  t E : r d t  
i s  a c c e p t a b l e  t o  the  MBPM. bn p r a c t i c e ,  however, the  p r i n t o u t  of t h e  1TB 
shou ld  be examined f o r  e r r o r s ,  as t h e  ITP w i l l  t a k e  c o r r e c t i v e  a c t i o n  t o  p r e -  
v e n t  t e r m i n a t i o n  o f  t h e  run.  These e r r o r s  may be i n  any o f  t h e  f o l l o w i n g  
c a t e g o r i e s :  (1) e r r o r s  of omiss ion  i n  t h e  format ,  which i n  f a c t  a r e  n o t  
e r r o r s  ( f o r  example, a n  o p e r a t i o n  t ime s o  s h o r t  a s  t o  be approx imate ly  z e r o ) ,  
(2 )  e r r o r s  t h a t  have no e f f e c t  on t h e  o u t p u t  ( f o r  example, two successive 
i n s t a l l a t i o n s  of t h e  same p a r t ;  t h e  program i g n o r e s  the  raecond inetaLXa t i o n ) ,  
( 3 )  e r r o r s  t h a t  have a smal l  e f f e c t  on t h e  o u t p u t  ( f o r  example, i f  no rtlen 
are s p e c i f i e d  f o r  a n  i n s t a l l a t i o n  o p e r a t i o n ,  the  ITP w i l l  assume t h a t  one man 
was invo lved ,  whereas, t h e r e  c o u l d  have been s e v e r a l ) ,  and (4) e r r o r s  t h a t  
might have c o n s i d e r a b l e  e f f e c t  on t h e  o u t p u t  ( f o r  example, a p a r t  wi th  a 
l a r g e  a r e a  (and probably  l a r g e  burden)  cou ld  have been removed and n o t  re-  
i n s  t a l l e d  b e f o r e  l aunch) .  
I n  a d d i t i o n  to  t h e  d a i l y  l o g  o f  a c t i v i t i e s ,  a l e s t  of p a r t s ,  wi th  t h e  
a r e a  o f  each s u r f a c e  ( t o p  exposed,  exposed,  mated and occ luded)  i a  f u r n i s h e d ,  
I n  MM 69-3 o n l y  t h r e e  s u r f a c e  types  have been L d e n t i f i e d  --  no s r e a  i s  a s a b g n e ~ j  
t o  the  t o p  exposed s u r f a c e .  The mated s u r f a c e  a r e a  i s  inc luded  i n  t h e  occluded 
s u r f a c e  a r e a  where t h e  p a r t  h a s  occ luded  a r e a  shown. The program a c c e p t s  r n ~ t ~ i  
a r e a s  even when t h e  occluded a r e a  i s  ze ro .  The s u r f a c e  h i s tograms ,  a List o f  
c o n s t a n t s ,  t h e  decon tamina t ion  opera  t i o n s ,  and a List of %he e n v b r o m w ~ ~ t  
l e t t e r s  used a r e  i n p u t .  A l l  o f  t h e s e  d a t a  precede t h e  d a i l y  l o g  d a t a ,  A 
complete  l i s t i n g  o f  t h e  i n p u t  d a t a  t o  t h e  I T P  f o r  t h e  Kt4 69-3 is given  i n   he 
Appendix. 
When t h e  o u t p u t  p r i n t  o f  t h e  ITP was examined and  i t  was de te rmined  
t h a t  no e r r o r s  remained i n  t h e  i n p u t  d a t a  t h a t  c o u l d  have a p p r e c i a b l e  irr~pact  
on t h e  o u t p u t ,  t h e  t a p e  was ready f o r  use  as Tape 12 ( i n p u t )  t o  t h e  TAS sub- 
r o u t i n e  o f  t h e  MBPM. Even h e r e ,  t h e  TAS p e r m i t s  c o r r e c t i o n  of t h e  t a p e  a s  t h e  
d a t a  i s  f e d  i n t o  t h e  main program, as i t  was d e s i g n e d  t o  do wi th  manual ly  
g e n e r a t e d  i n p u t  d a t a  t a p e s  (Ref. 6 ) .  
111. BURDEN PREDICTION 
A. 
The p r i n t o u t  o p t i o n s  e x e r c i s e d  i n  t h e  MBPM produced t h e  f o l l o w i n g  
types  o f  i n f o r m a t i o n :  
(1)  A t  t h e  end o f  each Task (day) t h e  d i s t r i b u t i o n  o f  burden on 
t h e  t o t a l  a r e a  of each  s u r f a c e  type  and t h e  d i s t r i b u t i o n  o f  
burden on t h e  t o t a l  a r e a  o f  a l l  s u r f a c e s  combined was p r i n t e d  
o u t .  These h i s t o g r a m s  g i v e  t h e  burdens  f o r  cumula t ive  prob- 
a b i l i t i e s  o f  .05, .50, .80, .95,  and 1.00.  The burden  f o r  the  
f i r s t  day i s  shown on Tab le  6 .  
( 2 )  At  t h e  end o f  t h e  Task when t h e  swab samples were t a k e n ,  a t  
t h e  end o f  t h e  f i r s t  s t a g e ,  and  a t  t h e  end  of  t h e  run ,  t h e  
d i s t r i b u t i o n  of  burden o n  each  s u r f a c e  o f  each subzone was 
p r i n t e d  o u t .  An example of  t h i s  t y p e  o f  d a t a  i s  g i v e n  on 
Table  7.  
B. 
Swab samples  were t aken  on s i x  d i f f e r e n t  days  d u r i n g  t h e  s p a c e c r a f t  
p r e p a r a t i o n .  8n e a c h  o f  t h e s e  days  samples  were t aken  from s e v e r a l  a r e a s  
on t h e  s p a c e c r a f t .  Each sampl ing a r e a  was 4 s q .  i n ,  (1126 s q .  ft,), For  
each o f  t h e s e  samples,  a  r e c o r d  o f  t h e  co lony  coun t  was k e p t ,  
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The t o t a l  burden was estFnn.ted f r o m  the  swab ,sample d a t a  by u ~ i n g  
t h e  equa tFon 
Burden s E -
where A I t h e  a r e a  ( i n  s q .  f t . )  t o  which the  burden Ln t o  be 
e x t r a p o l a t e d .  
E = t h e  sampl ing e f f i c i e n c y  
Table  8 sufimarizes t h e  swab sample d a t a  and shows t h e  e s t i m a t e  of  
t o t a l  burden f o r  sampl ing e f f i c i e n c i e s  o f  30% and 70%,  e x t r a p o l a t e d  to  
the  a r e a  o f  the  s p a c e c r a f t  a t  the  t ime o f  sampl ing,  a s  de te rmined  from 
t h e  MBPM o u t p u t .  The a t t r i b u t e  d a t a  were n o t  used i n  t h i s  computat ion.  
c. g 
The r e s u l t s  o f  the  MBgPl p r e d i c t i o n s  a r e  sho-m graphFcaLly on 
F i g u r e  1 f o r  the  5%, mean, and 95% probabilities. A s  t h e s e  a r e  the  
p r o b a b i l i t i e s  t h a t  t h e  v a l u e  shown w i l l  n o t  be exceeded,  t h e r e  Fr-1 a 90% 
p r o b a b i l i t y  t h a t  t h e  m i c r o b i a l  burden w i l l  be be tween the  5% and  95% 
v a l u e s .  These d a t a  a r e  s u b j e c t  t o  e r r a t i c  day- to-day v a r h a t i o n s  because 
contamina t i o n  and decontarninat  i o n  o p e r a t i o n s  can  d r a s  t i c a l  l y  a f f e c  c the  
burden on i n d i v i d u a l  p a r t s  and t h e  i n s t a l l a t i o n  and removal o f  p a s t s  tend 
t o  cause  a b r u p t  changes i n  the  t o t a l  s u r f a c e  invo lved  i n  t h e  c a l c u l a t j - o n .  
P l o t t e d  on t h i s  same f i g u r e  a r e  t h e  swab sample es tLmates  f o r  
sampling effdc5.enches o f  30% and 70%. These two p r e d i c t i o n s  t end  t o  
d i v e r g e  wi th  t ime,  a s  t h e  m t h e m t i c a l  model p r e d i c t i o n 8  have e n  upi'mrd 
t rend ,  whi le  t h e  swab sample p r e d i c t i o n s  have a downward t r e n d ,  An 
ena9ysf.s of the  r e a s o n s  f o r  t h i s  d i sagreement  ( a p p r o x i r a t e l y  40 t o  1 j u s r  
p r h c r  t o  l!au~rch) has n a t  been ~ a d e  and was n o t  i n c l ~ n " e 4  i n  the statement  
oE work t o  iw p n ~ ~ f e r m e d  under t h i s  e n n t r a c t ,  
DATE 10/21/68 1219 12/28 1/13 215 2/10/69 
(126) (127) (194) (205) (233) (238)  
FREQUENCY OF OCCURRENCE 
Number o f  
Swab  Samples 
T o t a l  Colony 
Count 
Burden C a l c u l a t e d  
on 30% Sampling 
E f f  . 
&an Colony 
Count 
Burden C a l c u l a t e d  
on 70% Sampling 
E f f .  
0.672 0.226 0.1063 0.184 0.112 0.092 
42, LOO 7,470 3,440 5,180 6,650 5 , 7 6 0  
RY OF SWAB SAPaPLE DATA 

%V. CONCLUSIONS AND mCOPS%IENBATLONS 
For t h e  f i r s t  t ime, t h e  ITP h a s  been i n t e r f a c e d  wi th  the  MBPM on a  
complete  run.  Th is  document r e p o r t s  t h e  r e s u l t s  o f  t h e  MBPM p r e d i c t i o n  f o r  
t h a t  c a s e  ( t h e  MM 69-3) .  These r e s u l t s  have been compared wi th  t h e  d a t a  
o b t a i n e d  by t a k i n g  swab samples.  Although c o n c l u s i o n s  a s  t o  the  reasons  f o r  
t h e  d i s p a r i t i e s  between t h e  burden p r e d i c t i o n s  o b t a i n e d  by t h e  two methods 
were n o t  i n c l u d e d  as p a r t  o f  t h i s  c o n t r a c t ,  s e v e r a l  p o i n t s  shou ld  be noted.  
The two methods seem t o  g i v e  r e s u l t s  t h a t  d i v e r g e  wi th  time; t h e  MBPM 
c o n t i n u e s  t o  i n c r e a s e  whereas t h e  swab sampling c o n t i n u e s  t o  d e c r e a s e  wFth 
time u n t i l  t h e  MBPM i s  approx imate ly  f o r t y  t imes as g r e a t  a s  t h e  swab 
sampling j u s t  p r i o r  t o  launch.  When t h e s e  r e s u l t s  were compared wi th  t h e  
r e s u l t s  f o r  t h e  Mariner Venus 67-2, i t  i s  found t h a t  t h e  swab sample d a t a  
f o r  t h e  MM 69-3 a r e  lower by a n  o r d e r  o f  magnitude than  comparable d a t a  f o r  
t h e  MV 67-2. The MBPM r e s u l t s  f o r  t h e  MM 69-3 and t h e  MV 67-2 a r e  i n  r a t h e r  
c l o s e  agreement ,  b u t  i t  should be p o i n t e d  o u t  t h a t  t h e  same h i s togram d a t a  
were used f o r  both (as  p e r  C o n t r a c t  s p e c i f i c a t i o n s ) .  
It i s  recommended t h a t  t h e  i n p u t  d a t a  t o  t h e  MBPM and t h e  swab sampling 
be reviewed t o  g a i n  i n s i g h t  i n t o  t h e  r e a s o n s  f o r  t h e  d i f f e r e n c e  i n  p r e d i c t i o n s  
and p a r t i c u l a r l y  i n t o  t h e  reasons  f o r  t h e  d ivergence  i n  s l o p e  o f  t h e  c u r v e s .  
It i s  a l s o  recommended t h a t  t h e  n e c e s s a r y  a c t i o n  be caken t o  e n a b l e  
mu1 t i t a p e  o p e r a t i o n  on t h e  Univac 1108 with  FORTRAN p r o g r a m i n g  ao t h a t  a 
complete  r u n  may be made from a s i n g l e  s t a r t  (wi thou t  r e q u i r i n g  r e s t a r t s ) .  
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APPENDIX 
I T P  INPUT DATA 
LISTING FOR MM 69-3 
SUSZoNE S O K l l C T U R E  t A) 
6 C T A G 0 R  S T R U C T U R E  A S N B L I  
S?.dPER V R U G T U W E  b S F B & V  
SUN SEMPR P E B s T  B b Y  IM 
5UY SEMSR PEOST B A Y  V%%P 
S I P  S V P R B  H I N G E  BIY I 
P 5 m  a s p -  I U P R T  S P Q G E  B A Y  11% 
S I P  S U P R P  H I N G E  B A Y  M 
f/P S U P R T  H I N G E  B A Y  V E X  
S / P  S U P R T  D P L O P  8 W Y  % 
S / P  5UPRT BPLOY B A Y  %I% 
5!P SUPRT DPLQY BWY V 
S I P  SUPRT D P L O I  B A Y  V&% 
PROP B4bb EWG POUNO SIDE 
PqOP 9 E T  BALL EMG H O U M f  
$PCP F f G  EN& HCYNf  SIDE 
P2OP B a S E  &NG MOUNT S I D E  
F T G  E R G  taOUt<T U P P E R  
PQOP 9ASE EN6 MOUNT UPPR 
k & f C H e  SUPPORT I K B Q A P D  
L A T C H -  SUPPCRT s u f a o a a a  
L B T C H P  X R B R B  YPTIBN suew 
AGCELEWO3ETER n O A P T E R  
& B b P T E %  STRUCTURE 
V-98N9 ABSEWBLV 
S U F Z O h E  P E C H  D E V I C E S  481 
$ B % C H  d S M S C Y  S C a M  PLATFS 
kW T &  W C U T P R D  P O T I O N  SUCH 
? E L  D E V I C E  s TFWSIQN M O N  
5 E f B R b f I O N  S P R I N G  D E V P C E  
S E P S R A T I O N  I N I T I A T E  T I M R  
P Y W G  bqWES'& SUTCH ASHBLY 
A C C E L E R O M E T E R  I M  FLY LEG 
A C C E L E S O N E V E R  d E P  CHARGE 
% C & Q  P b h f  LATCH VENT $ 0 8  
V-BAUD 5QlBS  
S t f S Z O K E  LCk: G A I N  B N F  ( A %  
L O W  G P I N  A N T E N W W  AssnBey 
L 3 W  G A I N  dNTENNA C h B k E  
L@V G b I h  A N T  S W R T  D A E P E R  
L 9 U  G Q I N  BNT LOUR D A M P E R  
S U B S O R E  $ C $ P  
T C F V  5ENSR XDUCEW BSSMBV 
U l R l N G  H A Q N E S S  TCFH %EMS 
%U?ZSK!E H I G H  G A I N  d M T B C D  
P 4 E H  C B l h  ANTEKMA ASSRBV 
P 9 3 8 E  SUB B S S M B L V  
F E E D  C48LF S U B  ASSMBLY 
H I G H  S 3 I N  LOW CABLE BSSY 
%UB28P<E P L A T  s TRANSOUCR 
S C I N  PLAT S T R U C T U R E  ASSV 
S C B N  P L d T  M I L P  L O U V E R  
SU3Z5KE S C I t I N C E  I N S T R H F d T  
MWP5 EWVE ESSVzl N A R R O W  
t4h39 G L  8E F ; $ V - P  N A R R O U  
P A Z E N C P U K T f  P k  b N E l  SEMS 
sCnt< apS s ; s Y [ C b o C g  & X $  
S C ~ ~ S  a e r  at^^ ( C O N E  4 x 1  
R e C j  Q i q t  E q  fiasEfmBy 
ZPW $trip jUcEp  
64v S P E C T Q ~  E V E $  &fb tBhY 
U V S  TEMP XOUCER 
K I D E  B N t  T V  C A P E R A  A S S V  
T V  A TEMP XOUCE8 
T V  b!BPROg B K G  C b k $ & R B  8 
T V  B V I D I C O N  TEMP X D U C R  
TW 8 OPTICS l E Y P  XDUCER 
I R  SDECTRQMETER G A S  S T O R  
R O N O C H R O P E T E R  TELESCOPE 
I W S  V E Q T  A S S E 9 B L Y  
IWS E L E C T  TEMP XUUCER 
195. R A O P b l E P  TEMP X O U C E R  
A C C E L E R O M E T E R  SCAN PLAT 
TEWP XDUCW S C n N  PLAT Y O K  
S C E h  PLAT  L A T C H  PRESS XD 
M 4 Y E P B L B  WSS%!+BLV 
I P S  6 8 5  V A L V E *  S Q U I B  k 2  
I,%S G A S  V A L U E *  S Q U I B  H 2  
SURZOKE SGLBR P A N E L  ASSY 
S O L 3 2  P A N E L  ASSY - X + Y  
SQLdf? FWYEL ASSV * Y  
S O L 4 2  "AMEL ASSV - X  
SQLWR PAREL ASSY - V  
% E L 8 9  FWhEb MECH D E V I C E S  
D E P L O Y  EECWBNISW RSSHBLV 
S S h A 2  PANEL  B @ O S P  DBMPRS 
5 4 L k q  DAt:EL C R U I S E  OAPPR 
S I P  PIN D U L L 5 9  HIRNESS*X 
S / F  P I N  FULLER HWRKESS*V 
S B ?  FIW P U L L E R  HdffNESS-X 
S / P  P J N  F U L L E R  HAWKESS-Y 
S O L A R  D A M E L  P I N  PCPhLER 
S P F  UKLATCH P O V I Q M  SENSR 
S P P  S Q U I B  LEFT 
S / P  S C U I B  W I G H T  
C H B S ~ E S B L B U V E R ~ T R B ~ J S O Q I C  
CHISSXS P L R / P Y P O / S C W N / T C  
LOUVER B B Y  % 
Cp&SPIS  T E K P  XDUCER 
S U e Z O k E S  WBOULES t BO 
P Y D C  C O N T 9 0 L  I + 9 %  R I G H T  
D V R O  C O N T R O L  %+I1 LEFT 
P O U E R  D I S T R I B U T I O N  
Z Y C O  Y Z  M b E N  I N V E R T E R  
2 4 G C  FZ S4Ap!BBY INVERTER 
Q 8 0  H Z  I S + S E  H @ ! V E R I E R  
H E B T E O  + PC PUF D I S T R I B U  
f E F P  CNTWL M O r d I H O R  I 
T E M P  C N T R L  u O F d I T 6 R  I %  
S C n M  L O G I C  E L E C T 9 0 M h C S  
S C A N  P O U E R  $UPPLY 
SEPVO BMP*$TEPPER M O T O R  
H b F t < E Z S E S  A k C  CwBBES 
P O K E 9  W WQNE5SES 
TCFR WBRhESS 
T C F  W I B d T E Q  C8NN HbBNCSS 
S C A N  W b 2 N E S S  
PYPC D I 2 ,  ACCESS HARNESS 
tH%SSISr IR4WUUFERS t A )  
M ?  B A h w  PPESSLIBE XOUCER 
N P  l k h ~  T E M P  XDUCEA 
PP3P I A r d K  POESS Y 3 O C f R  
PPDP V P h K  PEMP XDUCER 
THnusI  C H A K P R  P Z E S  X D L C W  
PQOPULSIOr4 C H 4 S S I S  
P b C P  5YSTEM ASSEMBLY ( 8 )  
T 4 p 3 5 7  V E C T O R  C O N T R O L  
J F T  V e Y f  A C T U A T O R  
P R O P  V A L V E  assrMeev 
PReP T ~ M K  ASSEMBLY 
N f  T Q 0 C E Y  S Y S T E M  ASSEMBLY 
N 2  V A L V E  B S S E M B L Y  
8 2  R E G U L A T Q Q  ASSEMBLY 
NZ SAF!V BSSEEBLY 
T H Q U S T  PLBTE + ENG ASSY 
R O C K E T  K R C P N E  d S S & P S & Y  
I N C I B E M T I L  PLUMBING 
H h R h E S X E S  + SQUIBS 
U I P I M S  HaQN Y V E A  + SENSR 
V I 2 I N C  HBRN P R C Q  P V R B  
PROPELL ANT V H E R M L  S H I E L D  
p n e p  P F O P E L  P T B R T  SQUIBS 
POOP P;LTPOG S P d R P  SQUIBS 
D P B P  PROPEL S T O P  SQUIBS 
P9PP P t I Y 2 Q G  STOP Y3UPBS 
CH3S515rL@UVERSv lRANISBUC 
C Y A S S I S  B / C  &C*S 
E B C b E  T H I E L D  
SHEA2 PLATE CC+S A I Z  CON 
C H & T % I S  T E M P  XDUCER 
SUDFOPT SUB CHbS515  
SU320&E M O D U L E S  [ B l  
C C  + S 2BUEP SUPPLY 
C C  + 5 T I P I K G  C O N T R O L  
C C  + % E V E N T  C O N T a O L  
C C  + 5 WERORV 
B Y T  C C N T P Q L  ELECT 
e v n o  ccErRoa 
H ~ ~ N E S T E S  AND C A 9 L E S  r e 8  
W I F I N G  HWENESSES C C  % 
U f P I N G  H B P N  b T T  C O N T R O L  
F U S E S  C O N N E C T O R  
C H ~ S S I %  ~ L B U V E R B T R B N W  
C H C S S I S  CPL! TELEHETRV 
L O U V E R  5 4 V  I V  
C H & S S % S  T E M P  XDUCEW P V  
SUZZSNES M3DULES 9 81 
C M D  D E T E C T O F  5uBnssv 1 
C M %  9ETECTOs Z + P R O G  C O N V  
C M C  D E C C ? E R  SUBASSV 1 
CUD 3 E C B 3 E R  SURASSY 2 
C Y D  D E C O C E P  3 P k 2  SUPPLY 
P T W I X G  G E R E q B T O R  S U B b S % Y  
O b T C  FPOCESSOA SUBDSSV 
& V s L 3 5 / 3 I t I T A L  CONVERTER 
A h  A b C t / B I G I V A b  CONVERTER 
T Q % % S F E R  P E S I S T S  R U B A S Y  
M C ? E + F A T E  G C N P P O L  5UBbSY 
Pnv3%QaME% SUBASSEMBLY 
D f  t K  I C C - 3  1Q 216-220 
D E C K  Z C C - J C J - L O U  LEV AMP 
Drce Q C C - Q I C  S U B B S S E W B L Y  
D E C K  "2e-430 %UBBSSEMBLV 
B b O C K  C O D E R  S U P A S S E M B L Y  
P O N E 2  5MPPLV 5URnSSEMBLY 
Q B ~ Y E S S E S  a Y 9  C A B L E S  t e r  
V I P I N S  HAPN F L I G H T  COMNB 
!J!~PI.lS H A R N  FbTGI-lf 'OELER 
C H W ~ S J ~ ~ ~ O U ~ ~ E K ~ B T R & ~ ~ ~ ~ C  
C H A S S I S  DWPA S T O R A G E  
LQUtiER B b V  V 
CW455IS TEYP XOUCER 
5 U P Z Q R E  E C D U L E S  $ 8 )  
& V A L 9 6  T A P E  T t ? B N P P B R T  
aTa F L W V B b C K  E L & C V R O ~ ! I C S  
0'55 L O G I C  5U3ASSEHBLY 
F T P  D R I V E F  I M P  % U B I S % v  
2 4 8 C  H Z  POSER SUPPLY 
DIGITAL T 4 P E  TFANSPOWY 
D'TQ o L Z Y E & & K  E L E C T R O N S C S  
A T n + D T ?  R E C O R D  E L E C T R O N 1  
95'5 CeNT & Q G % C  I N F E R F A C E  
HEATER 
H n Z V E S S E S  A Y B  CABLES 
W 1 F I N S  HAFM O a T A  S T O R A G E  
C Y A S S T S  r L O U V E Q 5 v  T Q A W  
C H A S K I Y  R 4 D P O  SUEAS$Y 
C Y A S S I S  T E Y P  XOUCER V %  
V G O  f E F P  BDUCER 
A u X  osC ~ E M P  XOUCER 
T U T  B b S E  T E K P  WBUCER 
SU9Zr)F:E HBBULES ( 8 )  
C Q N T R O L  L N X T  S U B h S S E % R L I  
Q I P L E X E R  S U 3 1 S S E H B L Y  
R f C E I k E R  WUPASTEMGLV 
RF S!dIVCH 5'JBaSSEHBC'PI 
F I L T E R / W Y E R I E  SVBASSMBLV 
OUTPUT F I L T C 2  S U B A S S M S L Y  
E X C I T E D  5 U P b S S E H B b Y  
T u F a  S U R B S S P H B L V  
t- ispRE5SES A%B CABLES t C 1  
a r g I h : s  M ~ R N  saoas F R E O  
RF C 8 6 L E  F L E X I B L E  
4F C B B L E  5EYI-RIGID 
R F  C B X E  S%p41-RIG30 
CYISSES ekCUVERS wVRANSDUC 
G H A 5 S I X S C & E b i G E  EQUIP 
L C I I I V E R  S&V V % X  
SHEAR P L A T E  % G I E N C E  E Q U %  
C H d S T I ?  T E Y P  XOUCER 
SUEZOblE E G D U L E T  f B )  
CIA5 P n Y E R  C O N V E Z T E R  SUB& 
O 8 5  L O C I C  SUBBSSEHGLV 
n a r  Lncr  c sua%ssEHskv 
G h Z  L C T S G  S U B E S S E N B L Y  
T V  PCII.E.? S'JQPLV S t l B 3 S S Y  
T V  D A T A  C C N V E a T E R  WUBASY 
7 V  CAQ:E2A DQIVEgS SUBASV 
Pt l  CC!?:TRCL F U R B S S E N B L ' M  
HA?P:ESSES 6 % 0  C a S L E S  l & )  
U I P I b ' r  H b 9 h E S S  B I S  
U I 3 I U S  DAS I q P E R C O N  
U P F I W T  WAPM P V  E L E C I R C N I  
l4q b TEP 
C W P S S P ~ P L O U V E R F  sTRAtp iSGU6 
C ! t A S $ % S  P O L 1 3  P C t U b A f O R  
LPVVEF  6 6 v  V I i %  
&pa 
Q 
1 9 3  
r r g l  
9 
9 
315 
18 
35 
2 1  
11 
B II 
3 
19 
19  
9 9  
Qcl 
as 
3 
2 
2 
2 8 1  
P 2 
2% 
3 6  
1 2 
12 
6 
ria 
6 0  
2 9  
as 
3 
3 
3 
rr 
Taqp X D U C E R S  
S I J R Z O N I I :  MODULES $ ? A %  
P O V E F  S O U R C E  9 L O G I C  
Y & $ N  3 6 C S f  E p  OECULAfOP 
Y T h D B Y  B O O S T E P  9 E G U L b f R  
P O h E S  C O N V q O L  SUBASSV 
3 Q T T E o V  C H A R G E R  
9 A T T E R V  A S S E S S L Y  
H d R N E 5 S E S  4 C A E L E S  f C B  
W I R I N G  H A R M  POWER A E C U b h  
w/e c n s  S Y S T E M  assv ( A ,  
A 4 C  G B 5  S V S V E H  ASY + X / + V  
H9 P R E S S  f 6 4 % %  SUPB E Q U I  
P I T C H  JETS BSSY 4 + Y  SQbR 
R O L L + V A g  J E T S  A S Y l + X  SOL 
J$T V B b & " E $  
C A B L E  B S S V  A / C  G A S  S Y S T T  
5 4 5  VESSEL T E Y P  X D U C E R  
G a s  V E s S E L h  P2ESS XDUCER 
W P C  5 3 5  SVSTPR A % V ( - X P - V  
HI F R E S S l G b S )  SUPPRP E Q  
P I T C H  J E I ~  P S V  ( - V  SBhR 
R P L L * Y A &  JETS B S V t - X  50 
J E T  VaLVES 
F L I G H T  t d Q Z Z h E 5  sX: / *V  
F L I G q I  N G Z Z L E S  - X / - Y  
";lla,;ZOP:E SEhSCI99  4 B )  
SUh! S E u S O s  P ~ % Y W ~ Y  &fSV 
Z U h  5 F V S O Q  P R I F  VEEP XD 
SUAJ % E % S 0 9  S E C O N O A R V  
SUK S E k S C P  5 E C C N D A A V  
53u S E Y S O R  T E C Q Y O ~ R Y  
5Uf2 SEESCR S E C O N D A R Y  
5 U h i  G A T E  BLTECTOR BSSV 
C 5 r J C 9 U S  S E N S O R  ASSY 
C ~ P : O P U S  S E N S O ?  TE%P X O U  
CEk?CPUS S E N S O R  B A F F L E  
SUY O E Y E C T O P  
TEPP C C i < T R O L  A f T A C H  ASV 
WPOR THERML S H I E L D  BLNK 
L P W R  THEAPB S H I E L D  B L R H  
S C a N  " L A T  T 4 C  S H I E L D  8 L K  
P o i  S U Q  SEN P E D  b B t K  84 
P?; SUN S E N  PED L SLK 88 
T / C  S H I E L D  G O R A E R  A 
V f C  S H I E L D  C O 2 N E R  8 
T / C  S H I E L D  C C R G E R  C 
T B C  S H I E L D  CBRMER O 
f / C  S P P E L B  CORNER E 
T f C  St4ZELD CBah!ES F 
T / C  S H I E L D  C O R N E R  6 
78C S I 4 T E L D  CQPNES H 
C H P N h F L  UFPER B A Y  $ 
c t 4 3 N N f L  UPPER 3 A Y  111 
C H b N K E L  UPPER B A Y  V 
C i 4 B h N E t  U P P E 4  88Y V P I  
C!J& \REL  U P P E R  B A Y  V X I I  
C l d ? N Y r L  L O d E R  B A Y  % 
c H a N f G e L  L O M E R  B A Y  111 
C : + % N U ~ L  LO ME^ BIY P V  
C H & N K % L  h O b 6 2  B A Y  V 
C Y I N S ' E L  L O d E R  B A Y  V I P  
C L l s V Y E L  L O w E R  B B Y  V X f l  
b h j 5 ~ E  A T V B C H  BAY I 
AbJGLE 4 T f 4 C H  3 Q Y  1x1 
B P i F L E  B T T d C H  8 4 Y  V 
AVFLE A T T b C H  BAY VIf  
ANCBE WTPbCH B A Y  V % f %  RS 
B b I r L E  i B T B C 6 . I  B b Y  V%EI L %  
I ~ ~ J G B E  A T T h C H  B A Y  II 
AYSLE A T T b C H  a b Y  W I  
R I R G  C E K T R  PUPRT LOU 916 
2 I Y G  LBUES " f c  $YIqe_LD 
S P R I N G  L O M E Q  B L A N K E X  
C L % P ? P  LOWER R I N G  
B N S L E  B T T h C H  B A Y  % V  
S Y I E L D  COPNER M Re S T R U T  
S H I E L D  CCRMER A R e  STaUV 
P q L E L O  C O R N E R  8 LI STRUT 
SHIELD CCRNEW E R e  STRUT 
S H I E L C  C O Q k E 2  E Le STPUT 
S H I E L D  CCWtvKR H L *  S I R U P  
S Y I E L D  k 8 b d t  DAMPER 
S Y I E L D  F I T T I K G  CORNER 8 
S Q T E L D  F I T T I N 5  C O R N E R  E 
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